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Dei 4Aaq 1ON OF SUSPENDED SOLIDS KEMOVAL 
FROM COAL-ASH LADEN WASTEWATERS 


ABSTRACT 

Wastewater resulting trom the drawing down of ash from coal- 
imeeed boilers contains a significantly high concentration of 
Suspended solids requiring treatment prior to release into 
sanitation lines for treatment at municipal wastewater treatment 
plants. As an example, the steam plant at the Naval Amphibious 
Base Little Creek in Norfolk, Virginia 18 experiencing high 
surcharges from the Hampton Roads Sanitation District (HRSD) for 
the high concentration of suspended solids in their wastewater. 
At present, there are no mechanisms in place to pre-treat this 
wastewater prior to its discharge into HRSD. 

iMcm—PUiInDOscmOn  UNnlcsprojequsils to analyze the effectiveness 
of various coagulant aids in the removal of suspended solids from 
the ash-laden wastewater. In addition, the effectiveness of an 
anionic polymer in response to changes in pH, velocity gradients 
of flocculation, and various top/bottom ash water mixtures was 


analyzed. 


INTRODUCTION 


In January 1991, the Old Dominion University's Research 
PiMvtenenevasesubcontracted by (re Poncultants to conduct 
wastewater treatability studies on wastewater samples obtained 


from the coal-fired steam plant at the Naval Amphibious Base 


brecuemereek, Norfolk, Virginia. “The location of the steam plant 








is shown in Figure 1. yrs consultants was Somenacwed by bie Naval 
Amphibious Base Little Creek to conduct wastewater treatability 
studies on wastewater from the ash-silo at. the steamplant. The 
Pee AmMpMibious Base Little Creek has been experiencing a high 
level of suspended solids in its wastewater and consequently, the 
base 1S paying some very severe surcharges to the Hampton Roads 
Pamlteacion District (HRSD) to treat the wastewaters from various 
eiieralis. Through some exhaustive field investigations by URS 
Borst ants atid Little Creek personnel, it was determined that the 
Peocimesoliepresent in the ash-silo waste water is Lhe primary 
constituent suspended in the water and thus 1s causing the 
Diegiolem, at least &ws one lift station evaluated. The wastewater 
beom the ash-silo 1s the result of draw-down operations conducted 
on the active boilers during each 88-hour shift at the steam plant. 
mien asnes are removed first from the boiler by the use of 
feeinatiical Stekers and fall into a grit chamber. Then, the top 
eemes (fly-ash) are pulled through the use of clomestic water being 
pIeaved into the chamber and then approximately 15 minutes later, 
the bottom ashes are pulled. The top and hottom ash removed is 
pumped with water‘ into a centrifugal separator which removes the 
large ash particles from the water and then allows the wastewater 
to flow by gravity to the sanitary Sewer system. The larger ash 
Peet icies fal] into the silo which 1s emptied once a day and 


Pmimled toa Sanitary landfill! hy a commercial contractor. 


COAGULATION AND SEDIMENTATION 


Bo neoGgemenemGe mesmo r tne aiialyous can be presented, it is 


a9) 
ra 





\ CHESAPEAKE 


Ne 
ore ie 
E ea, 


o, —— 1} } {Lt yy L1It yy 
TANK 
ool -=@ 






LITTLE CREEK COVE 


Neos 
/ STEAM PLANT 


WZ 








SEwace 
DtsPOSAL 
PLANT 1 

3S ) 


2 ee ee eee 


pt _) : 
} LAKE SmerTit c™ 


—~ 















WHITE HURST 








Rrgune sl: SGocations of Fuecl Farin, Steam Plant, 
Tank 1551, and Piers 11-19 at the Little Creek 
Naval Amphibious Base. 





feeescoa eo thsi dis ctes the concepts hehind coaqulalion and 
seclimentation. 

Vaiencwenverct | eWeale) Sellinees Contain pemeenptihle turbidity. 
Pomeene terminal Seligding velocity of parlLicles in suspension is 
Peed to Lie particle size, if ts oabvious that glain 
wesimencatlion will nat be very efficient for the sinalleér suspended 
Poetecwme ineretore, Lhe agglomeration of parlicles into groups, 
increasing the effective size and therefore the settling 
Peer ies, is possible in sone instances. This process of 
aagromeratlion or aqgregation 15 termed coagulation and is 
meemervdercd as involying two separate and distinct steps: (1) 
freercle siraiswort ta effeqgt iankerparticle contact, and (2) 

Mart licle destabilizawion ta permit attachment when contact 

(2) 
meewrs. theories Of particle transport. are based on fluid and 
Pareicle mechanics; theories af particle destabilization are based 
moeeolloid and surface chemistry. The design of structures and 
imecclilation equipment for a coagulation process is influenced )y 
Peeeonsideralion Of inlerparmlicle contacts; the selection of the 
maeee and dosage of coagiitlant 1s based) on a consideration of 
ero leeaeotdatriicakion, Lhe design of the overall coaguilation 
peecescs must provide for both of these steps. 

Particles in the colloidal size range, however, possess 
@ertainm properties that prevent agglomeration. Surface waters 
Pelt bitttoywresthit ime from colloidal particles cannot be 
mlaciti ved without special treatment. 


Solioidal sitqeetis ions (tliat do nol agqgqlomerale naturally are 


called ctable. The most Li eeiintidckear contrilomerng to tire 





Peal ty ot sco) loital Slspensions is the excessively large 
surface-to-volume ratio resulting from their very small size. 
Surface phenomena predominate over mass phenomena. The most 
mmportant surface phenomena 18 the accumulation of electrical 

er) 
Sergeseat the particle surface. Malgcular arrangement. within 
eeyotals, loss of atoms dire to abrasion of the surfaces, or otliet 
Mrewerasmay resitit inethe surfaces being charged. 

[O-ascomeaimed in the water near Che colloid will be affected 
Pameneowenanaged Slirime:. A negatively charged colloid with a 
fosaiple configuration of tons araind iff 1S shown in Figure 2. 
Miewmrarst layer of calions attracted to the negatively charged 
pivemace 15 bound’ to the colloid and will travel to it, should 
displacement of the colloid relative to the water occur. Other 
Homer am the vicinity of the colloid arrange themselves as shown, 
with greater concentrations of positive, or counter, ions being 
Meer tO tle Colloidal surface. The arrangement prodiices 4 net 
Glear ge that is strongest at the houndary layer and decreases 
Peeomentially with distance from the coltoi@. 

When two colloids come in close proximity there are two 
Meeecs acting Om them. The electrostatic potential created hy the 
Stereos, ot Ccoliiter loans surrounding each colloid reacts to repel 
miemparticles, this: -»reventing contact. The second force, and 
mieerdetllon force calied the van Yer Waar force, support.s contact. 
Me force 1S Inversely proportional to the sixth power of the 
distance hetween the particles and alse decays exponentially with 
fisovaneoe se it decreases inare raprlly than the electrostatic 


potential, but is stronger at close distances. The snm of the two 
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FIGURE 2: Charge system in a colloidal suspension 


source: H. 3. Peavy, D. R. Rowe. and G. Tchohanoqlous, 
ENVIRONMENTAL ENGINEERING, McGraw-Hill, New Yerlk, 1985 
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||| forces ag they relate to one colloid in close proximity tq another 
is illustrated in Piguvewo ANS Nowed lnethe figure. the net 

P| force 18 repulsive at greater distances and becomes attractive 

only after passing through & maximum net. repulsive force, called 


j 


| 
| the energy barrier, at some distance between colloids. Once the 


{ 


lit) force becomes attractive, contact between the particles takes 
mt 
(titi place. 

A means of overcoming the energy barrier must. be available 
perore agglomeration of particles can occur. Brownian movement, 
the random movement of smaller colloids because of molecular 
bombardment, may Seoutee enough moamemtum for particles to overcome 
the energy barrier and thus collide. Mechanical agitation of the 
water may impart enough momentum to larger particles to move thein 
Merosoeunesanergy Ibarrier. These processes are too slow, however, 
to be efficient in water purification, and neither results in 
eollisions of medium-sized colloids. Thus, other means of 
agglomeration must be used. In water purification this 1s 
generally accomplished by chemically coagulating the colloids into 
clusters, or ‘flocs, which are large enough to be removed by 
Seevaryesettling. 

Chemical coagulation can be accomplished by the addition of 
trivalent metallic salts such as A1l2(S04)3 (aluminum sulfate) or 
meocutomiterric chloride). Other coagulant aids exist such as 
Silica, cationic polymers, and anionic polymers. Although ene 
exact method by which coagulation is accomplished cannot be 
determined, four mechanisms are Chieti eon OCCuY to destabilize 


I 
b 
re (5) 
colloids. These include ionic or double layer compression, 
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FIGURE 3: Force fields between colloids of like charges 
source: H. S. Peavy, D. R. Rowe. and G. Tchobanoglous, 
ENVIRONMENTAL ENGINERRING, McGraw-Hill, New York. 19NS 





Sscrptleneand charge neutraligetion, entrapment in a ELlocculant 
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mass, ona aasorption and interpwrrticle bridging. 


‘Double layer compression: 


The quantity of ions in the water surrounding a colloid has 
(1) 
meme rrect on the decay function of the electrostatic potential. 
As adllustrated in Figure 4 a high ionic concentration 
compresses the layers composed predominant.ly of counter ilons 
toward the surface of the colloid. If this layer is sufficiently 
compressed, the the van der Waals force will be predominant across 


tne entire aréa of influence, so that the net force will be 


attractive and no energy barriers wtll exist. 


Adsorption and Charge Neutralization 


The nature, rather than the Quon T ry Gr Seie somo ms io. 
prime amportance in the theory of adsorption and charge 
neutralization. Mytal hydroxides and synthetic organic polymers 
(polymers)can be used to adsorb on particle surfaces to reduce the 
negative charges on the particle surface. This reduction in 
“imetace Charge thereby reduces the electric potential, or energy 
needed to bring a like-charged particle to a particular distance 
from the charged surface ( i.e., a reduction in the repulsive 

i 

forces of the aie This process could in effect neutralize 
the surface charge of the particle. Once the surface charge has 
belch neutralized, the 190nic cloud, or double layer, dissipates and 


the electrostatic potential disappears so the contact occurs 
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freely. Overdosing with coagulants can result in restabilizing 
the suspension. If enough ions are formed and adsorbed, the 
charges on the particles become reversed and the ionic clouds 


reform, with negative ions being the counter ions.. 


sweep Coagulation 


When metal salt coagulants are added at concentrations wel] 
above metal solubility a solid phase quickly develops. This solid 
phase 18 a metal hydroxide that forms amorphous, gelatinous flocs 
that are heavier than water and settle by gravity. Colloids may 
mecone entrapped in the flocs as they ere forined, or they may 
become enmeshed by their surfaces as the flocs settle. This is 
referred to as sweep coagulation and can be highly dependent upon 


(2) 
PH. 


Interparticle Bridging 


Bridging mechanisins associated with polymers are complex and 
(2) 

meaeenot been adequately described analytically. “~Schematica l by, 
when a polymer molecule comes in contact with a colloidal 
Peeeeicle, some of the polyiner chains adsorb at the particle 
surface, leaving the remainder of the molecule extending out into 
Semution (Reaction 1 in Figure 3). The remaindergof the polymey 
is available to absorb on surface sites of other particulates, 
thus creating a "bridge" between the surfaces (Reaction 2 in 
Figure 5). If the extended polymer cannot find vacant sites on 


ty 


the surfaces of particulates, no bridging will occur and the 
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FIGURE 5: Interparticle bridging with polymers 


Source: H. 3. Peavy. D. R. Rowe, and G. Tehebanoglous, a 
ENVIRONMENTAL ENGINEERING, McGraw Ilill, New ‘fork, TMS 





polymer may eventually adsgorh on other sites of the origina) 
particle, so that the polymer is no longer capable’ of serving ‘as a 
bridge (Reaction 3 in Figure 5). Thus, there is a maximum degree 
of coverage or extent of polymer adsorption at which the rate of 
aggregation will be a maximum. 

Because polymer bridging 18 an adsorption phenomenon, the 
optimum dose will generally be proportional to the concentration 
Of particulates present. Dosages of polymer which are 
sufficiently large to saturate the colloidal surfaces produce a 
meetabilized colloid, since no sites are available for the 
formation of interparticie hridges (Reaction 4 in Figure 5). 

Under certain conditions, a system which has been destabilized and 
aggregated can be restabilized by extended agitation, due to the 
breaking of polymer-surface bonds and the subsequent folding back 
of extended segments onto the surface of the particles (Reactions 
Seanad 6G 3m Figure 3). 

Anionic, nonionic, and cationic polymers my function as 
bridging polymers; however, anionic and nonionic polymers are more 
widely used due to inherently higher molecular weights. Increases 
in molecular weight are advantageous because of the increase in 
Peiymer size and thus the potential extent of bridging. Solution 
properties (pH, ionic content) affect the polymer configuration in 
solution and at the interface. High ivnic strength tends to cause 

aly 
mie polymers to coil, thus decreasing their effectiveness. 


Therefore, polymer selection requires extensive empirical testing. 


T: 
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Jar Tests for Optimum Coagulant Dosage 


Coagulation is not yet an exact sclence. Therefore, 
selection and optimum dosages of coagulants are determined 
monerimentarly by the jar test instead of quantitatively by 
formula. The jar test must he performed on each water sample that 
is to be coagulated and must be repeated with each significant 
change in the quality of a given water. 

The jar test is usually performed using a series of 
containers (of uniform size and shape) which hold at least 1 L of 
meme water. Normally, six jars are used with a stirring device 
that simultaneously mixes the contents of each jar with a uniform 
Memeia@puc, Each of the six jars is filled to the 1-f mark with 
sample water whose turbidity and pH have been measured. Generally 
the test consists of a rapid mix phase (high mixing intensity) 
Meme simple batch addition of the coagulant or coagulants, 
followed by a glow mix period to simulate flocculation. After 
me@ecctilation, the mixer is switched off and the flocs are 
allowed to separate from the water and samples of the clarified 
water are taken from the containers. Turbidity or suspended 
Soumias Concentration can then he plotted as a function of 
coagulant dose. 

In addition to performance, coagulant selection will depend on 
cost and the quantity and dewatering characteristics of the solids 
produced. Often, combinations of inorganic coagulants and 
polyelectrolytes provide the lowest-cost solutions to coagulation 


-_. (2) 
problems. Because of the many available coagulant-~polymer 


2 








combinations, a preliminary cost analysis is suggested to fhelect 
wales compinations for jar testing. However, full-scale testing 


is usually required to refine the optimum coagulant combinations 


| and doses because of the limits of the jar test in simulating the 
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ieamealieacmconditions in full-scale facilities. 
Coagulation Practices 


Missouri maxing 1S essential if uniform coagulation is to 
ccs. Consequently, careful attention must be paid to the design 
of rapid-mix units and flocculation units. Interparticle 
contacts, like particle destabilization, can be accomplished in 
Several ways. As Brownian motion (perikinetic flocculation) is 
not usually effective, agitation (orthokinetic flocculation) is 
often used to increase particle interaction. In such systems the 
Vemocity Of the fluid varies both spatially (from point to 
point) and temporally (from time to Vea spatial changes in 
velocity have been characterized by a parameter referred to as the’ 
velocity gradient, G. The velocity gradient is a measure of the 
relative velocity of two particles of fluid and the distance 
between. The velocity gradient should be optimized so that 
maximum particle interaction is attained while particle shearing 
1S minimized to enhance the formation of large particles that 


€xhmibit rapid settling. 


PTT TAL WASTEWATER TREATABILITY STUDY 


(+The initial study conducted by Old Dominion University 


10 





focused on analyzing the wastewater in the environmental 4) 
Pagimeering Wwaboratories for ash removal by coagulation and 
sedimentation. The study was conducted in two phases. The first 
phase consisted af a characterization (pH, total suspended solids 

Met loo), and turbidity) of daily variability of the water samples. 

| The second phase consisted of evaluation of individual coagulation 
aids for removal of the coal ash in these waters. The wastewater 
‘samples used during the study were taken daily for one 


,week to ensure that a variety of coal ash conditions were 


Sevaitiated. ~Sainples of both top and bottom ash were used in the 


b 
q 


analysis. The four coagulant aids used during the study were 
eeeememererryc@ehloride, anionic polymer, and a cationic polymer. 

| The coagulant iaids were added at various concentration levels in 
' batch tests with a gang-stirrer set-up. Coal ash removal was 
Micmotmiea Dyiturbidity measurements and was related ta coagulant 
aid doses. 

In this -previous study ferric chloride and alum were equally 
| effective for treatment of bottom water samples yet required high 
dosage levels compared to the polymers. However, the top samples 
treated with ferric chloride exhibited substantially poorer 
results when compared to the alum. Turbidity removal using the 
eeeron ic polymer exhibited a negative relationship with dose, with 
the lowest turbidity measurements observed in samples receiving 
lower doses. This relationship suggests that at the higher | 
Bp Polymer doses, "over-dosing" occurred. It was also observed that 
“the Gamonicmpolymer was inmore effective at removing fly-ash (top 


Zample) than the bottom ash. This is in contrast with the results 
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Beomeune usemor alum and ferric chloride. Overall, the cafjonic 
polymer was substantially effective for the top and battom anoles 
as long as the dose was in the range of 1 to 2 mg/l. 
Rdditionally™ the cationic polymer seemed to settle quicker than 
either the alum or ferric chloride. Suspended solids remova} 
Msoima@ tne, anionic polymer exhibited a negative correlation with 
Peagulamts dose Very Similar to that of the cationic polymer. The 
anionic polymer provided the highest degree of particle removal of 
all tests, with clarified NTU values less than 1 for polymer doses 
in the range of 1 to 8 mg/l. However, it was not as effective on 
the top samples as was the cationic polymer. Illustration of the 
coagulant dose~-turbidity relationship for the four coagulant aids 
used in this study is contained in Appendix I. 

It was determined that the anionic polymer displayed the best 
overall effectiveness and did not require any base addition (as 


with alum) to offset the polymer addition. Therefore, the anionic 


polymer was thus used in the follow-on treatability study. 


PeLEOW=ON UREATABLEITY Ss tUDY 


The purpose of this project was to further evaluate treatment 
of the wastewater from the Naval Amphibious Base Little Creek 
steam plant with regards to implementation of the anionic polymer. 
This study consisted of four phases. The first phase consisted of 


Puree heme characterization (pH, total suspended solids (TSS), total 


* volatile solids (TVS), wine cy ~elOonlC StErengul, and a chemical 


analysis) of the waste water. The second phase consisted of 


Swouilation on the anionic polymer’s coagulation effectiveness With 
megardse.o pH changes in the wastewater. The third phase i 
Ponscisoted Ofmevaluating the effectiveness of the polymer with 
Meeregards to variations in the velocity gradient during the 
* flocculation process. The third phase of this project consisted 
of mixing the top and bot.tom wastewater samples in various 
proportions at a constant pH level and constant velocity gradient 
to analyze taeweffectiveness of the coagulant ald when top and 
: bottom ash waters are mixed in various proportions before 
Se@eeminent..FA description of the test methods is contained in 


y ad 


Appendix II. 
PHASE I: CHARACTERIZATION OF THE WASTEWATER 


Water samples were collected on 25 February 1991 from the 

| Bom shliO at the Naval Amphibious Base Little Creek. It was 
noticed that the samples obtained by URS Consultants in January 
1991 were obtained from a manhole approximately 70 yards northwest 
of the steamplant and that the manhole also had influent from two 
other sources. Therefore, it was decided to obtain the samples 

me cairectly from the ash-silo to better assess the wastewater in 
question. The samples collected represent water containing fly 
ash (top samples) and water containing bottom ash (bottom 
Seeomores), Appendix I contains the characteristics observed hee 
Biemcopmand bottom water samples. 


ait It was observed from the data that the bottom sample had both 


— 


#.a higher pH (pH - 5.93) and a suspended solids concentration (TSS 
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Sumeeemenigne:, than the top samples (pH = 3.03, TSS ~ 515), There 
eepeor appears to be a difference in the type of particles mie 
suspension between the top and bottom samples - it was observed 
that the bottom sample had a "milkier" appearance while the top 
samples were more black in color. The top sample had a 
significantly lower pH while the bottom samples displayed a much 
Meogner turbidity and contained significantly higher concentrations 
Doe foecemesuspended solids. In addition, a visual inspection of 
‘the untreated water samples by microscope indicated that the 
|} particle Ba@esrange of the top and hottom samples ranged from 15 
Sum meelOO um with the bottom Samples containing Gemewal ly Siawcer 
sizes and larger concentrations of particles. This relationship 
seems to reflect a greater proportion and greater concentration of 
Meteaer Darticles in the bottom samples relative to the top 
samples. The chemical breakdown and conductivity analysis (see 
Table Ip of the top and bottom samples serve to reinforce the 
lower pH values of the top samples. Russell (1976) derived the 


following correlation between ionic strength and conductance of 


widely varying composition, 
marys > X 10 -6 «X specific conductance (1n umho/cm) 


mem correlation was used to determine the ionic strength of the 
wastewater from the measured specific conductance, as shown in 
Table 1. As previously mentioned, solution properties (pH, lonic 


strength) affect the polymer configuration in solution and at the 


y, 
oy, 


interface. High ionic strength (high conductivity) tends to cause 


| 


—— a 


the polymer to coil, thus decreasiny the radius of gyration or 
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Pength of extension. Because of these complex iInberaciiong, | 

zi if 
‘polymer selection requires empirical testing. In addition, the 
top and bottom samples exhibited distinctly different 
characteristics, so the treatability studies were conducted on- 
both top and bottom samples separately ag well as with mixtures 


with varying proportions. 


EHaok 2: EFFECTS OF VARYING pH 


As it was determined that the wastewater from the ash-silo. 
varied in pH with time, it was appropriate to analyze the ; 
effectiveness of the selected coagulant aid with regards to 
variations in pH for both the top and bottom samples. The 
anionic polymer displayed the best effectiveness for pH Hy 
values ranging from 5.0 to 7.0 for both the top and bottom samples 
and that a dosage of 0.5 mg/l appeared to be the optimum dose ‘ 
when treating the top and bottom samples separately. In general, 

‘ 
the trend for the top sample was that larger doses (2.0 mg/1) of 
the anionic polymer worked better than the other doses at the |: 
lower pH values. As the pH value for the top sample increased to 
around 7.0, the required dose of coagulant dropped to 0.5 maya 
The effectiveness of the anionic polymer did appear to diminish 
with a further increase in pH to values around 9,0 and greater. 
For the bottom sample, the anionic polymer appeared to be more 
effective at the lower pH values than it did for the top. The 
trend for the hottom wastewater indicates a significant loss in. 
ef fdctiveness for all doses tested at pH values greater than 7 a0. 


The results (Figure 6) graphically represent the effectiveness of 


Lo 


a 





NTU 


Figure 6: NTU vs pH 


dosage: 1.0 mg/ 





ee ee a ae 

















Pie anionic polymer at a dose of 1.0 my/)} on Lhe top and battlom 
Bamoves — 2t 18 apparent Chat af looses effectiveness at law pH 
maees (less than 3:0) on treating the tej sdinple yet 

mene dcantliy looses effectiveness on the bottom sample at pH 
woes Greater than 7.0. @imilar results were obtained with 


rv 


dosages of 0.5 mg/l and 2.0 ming/1 for hoth top and bottom samples. 


oer Pr ECTS OF CHANGING VELOCITY GRADIENT IN FLOCCULATTION 


Pes IMpDOrCanit co promote parlicle wtoqregalion fur 

Semroidal particles and Reoperation 2 ales oir oun 
feemeanical mixing. The impacts of various velocity gradients on 
flocculation and removal of coalash were analyzed; methods for 
Morpliase Of analysis are contained in Appendix [I and Lhe test 
data iS contained in Appendix ITI. The test data (see Figures 7 
mie dOSage of 0.5 ing/l is representakive of effect af other 
Semieem rations far top atch bolton samples) indicate an increase in 
Mmemeryal efficiency for al] dosage: being considered (for both the 
meme Dottom sanples) wilh tnereased velocity gradient over the 
meee Lested. Figtirres 9 wind 10 graphically represent the results: 
of uSing a velocity gradient of SO/s:ec for both wastewaters. In 
faomee1on, the oplimium dasage appears: ta be 0.5 ing/] in hboeth cases. 
Feom a Visual) analysis, Lhe sive of particlé@és associated with the 
Meeeoerun at 8O0/sec were: simealler than thease of lawer velocity 
memitents. itherefore, it 16 apptren! that although the increased 
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Fig 7: VELOCITY GRADIENT ANALYSIS 


Top Sample, DH = 7.01, dosage = .5 mg/! 
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-ig 8: VELOCITY GRADIENT ANALYSIS 


Bottom Sample, dosage = .5 mg/| 
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Figure 9: TEST #9 


TOP SAMPLE, G = 80/s, PH = 6.97 
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Figure 10: TEST #12 
BOTTOM SAMPLE, G = 80/s, pH = 7.0 
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mere 15 an increase in particle interaction thereby increasing 
t > ‘ 


fae removal effectiveness of the coagulant aid. 


Peewee 4: EFFECTS OF VARYING WASTEWATER MIXTURES 


Waeewt low Of Wastewater Tron the mat—-slle@ 1s auch that 
approximately 30 yom for approximately 15 minutes is the top 
Sompie followed by a 5 to 10 minute lull (no flow) and then a 15 
Meme minute period of bottom-ash wastewater flow. AS such, a 
continuous flow type operation may not be economically feasible. 
Therefore, a holding tank to receive all of the wastewater from a 
draw-down evolution and then treat this wastewater as a bulk 
Mexture may be po:isible. Therefore, the wastewater was analyzed 
eee DOttOm )atios of 0:100, 29:75, 50:50, 75:25, and 100:0, 
ieee would represent the range of possible mixtures, for a4 
peed pili value of 7.00. Figttre 11 graphically represents the 
results of the analysis for @ coagulant dosage of 0.5 mg/l. It is 
Saenme that when comparing the mixtures of 25:75, 50:50, and 
79:25, as the amount of tep sample 1S Increased in the mixture, 
the effectiveness of the coagnlant dose decreased. However, at a 
meeeesolution of top sample. the dosage appears ta be quite 
effective. In addition, the dosage 185 moderately effective on the 
freee oemixture, Apparently there 1S a reactian taking place 
between the top and bottom samples which reduces the effectiveness 
Pueeeine COagulant aid. The deterintiation of the reaction taking 


micce 1S beyond the scope of this report. 





NTU 


Figure 11: TOP. 


dosage = 0.5 
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BLSCUS OTOM ANE SURMAFY ; 


aero netine cess ett} lst Tho pe aleieyinitned That the anionic 
polymer is most effeclive for the waslewaler heing tested, <A dose 
ae > Mg/ ito ecommentlerl Tor a ill cel jist To approximately 7.0 
Mimewii ih aevelocauy qradien! -fer flaccrlalian of GO/sec. As the 
meerewater flow from Llie wch-silo is appreximaitely 30 gpm for a 
Stren Of rongily Paeminites for ime top and 1S minutes for the 
bottom draw-down evolutions. a continuous flow system could be 
wetlinecd. 

lise of the anionic polymer with a flash mix/flocculation 
module of an inclined plate separate: is an option for treatment 
of this wastewater. This: would allow for the removal of the coal 
Memeas A Sludge. Packatje tit seperators are available with 
Various features from sludge Lhickeners, to reduce the amounk 
mf coal—-ash, sutomatlic chemical addilgon systems, which add the 
proper dosage of the polymer, amtomalic pH adjustment systems, and 
Pemaralor tovers, to keep onl rain and dust particles. Cost of 
inclined plate separators would be in the range of $50,000 to 
moeOON — not including eamipment installation costs. Similar 
meoeeli: are currently bejmy used by large cual burning power 
Peodicing facilities Threuglhowt. Lhe country. 

cume advantages to waclewaler treatmen! include 

— Mie existing coal ash reneval systen, would not require 

Po ero Lita eae 10} 
LCCC OMectoher ail Cucersainbhly tcemoved without 


involving @ Labi antensive process 
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= MWe cos! of the nuit 18 )e@1sonal)le low 


some disadvantages of wastewater treatment include: 
—"WaInctenance af Ehe nnit 
Se epee inert toy) } yo hie ree omc ain a1 
— Peieval and dispesal of the coal ash sludge 
pipe alterations to the ash-sile wastewater discharge 


syst ein wolld be 7 a) L rea Gort o 1istal jl. the equ j pment 
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FIGURE 3A. 


Bottom Ash Removal Utilizing 
Alum 
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FIGURE 3B. 
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Ferric Chloride 
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FIGURE 4a. 


Bottom Ash Removal Utilizing 
Ferric Chloride 
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Fly Ash Removal Utilizing: 
Cationic Polymer (Percol 763) 
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Bottom Ash Removal Utilizing 
Cationic Polymer (Percol 763) 
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Fly Ash Removal Utilizing 
Anionic Polymer (Percol 727) | 
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Bottom Ash Removal Utilizing 
Anionic Polymer (Percol 727) 
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Tests for determining tle pll af the weaslewaler samples were 


fomaue led tei alt Orden oases Orgrtal, pli/mmllivoll: meter, 
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fe@el Gti. Calibration of Ile ecerpomnl vows conducted using stock 


Mie sciyhians af 7.0 ail 1.0. 


Turbidity measia ements ot Uli abr obeod samples were 
eomemclet Using slochk lurbicdaly solutions oh 400 NTU, 40 NIU, 4.0 
Pi ellitt lee PITS poretpeear evel poesr Lhe pote edhares onl lihed in the 


Standard Methods For The Examtinabion of Water and Wastewater, 14th 
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eesbs caves cs cM esties' masts 


meclitidou. Eequigunaent meadsbial ton and oper alion wag conducted per 


ne CVE) Cf eVGA - 
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Jar Test Operation 


Plase 2: 
re oon ert aeoh ty  tiimeeal ls potceing lau-Liter ot: 
top sample wmlo a reaiteonr. Then, tillers af sample were removed 


bers i 


and placed i S&S slandard ger Leal teahors Cl-liter each) «and 


Lhen placed) on the gang Gbhrttear. dhe main reactor sample was then 
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agitated and the pH value of Tho sampater was adjusted Cay, additions: 
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ity: 
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i es ae EY 

PeeNaliGOs) to a valae of approxdaatel sy o.¢l. Mfler Chis step, i, 
{ ae 
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“liters OF sample were comoved and placed in 3 standard jar test 
reactors (i-liter @ach)d. These Chroe teaclors were then placed 

! 
below the gang stirrer and the Glirrver was burned aon to a speed of 


; 
approximately 250 rpm lo agiuletle Che samples while the coagulant 


ai:qs were adcdecd (flaslhe--macscesa). These Stik reactars were then flash 
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mixed for approximately J manale. After Flash smixing, the 
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gang stirrer was slowed Lo cqayproxtimatealy Lo vom for % minutes. 
Then the mixer was burned of F and the parlicles were allowed ta 


wry 


Sebtkle. Apprusxsimakely 22 milo camlas wore clhaun From each reactor 
ab 3, 15 , and 609 minale intervals Uhvough a tube connected 


Lhroagh the side of each reactor. The Lube opening in the side of 


i teeVvoO tli bil ton Of each reactor and 


each reackor was located 
allowed the removal af elarirfirod waler will minimal disturbance of 
the reactor and tts contents. Each 2 ml sample was then 
immediately meascared For kurhbidtlhy cusiiy a llach Model 210g 
Turbidimeter thal was calibralod daily (lio theo range desired for 
Peach samploa) with standard soalahiaon of hesanelhylenetetraming, | 
Delve. Lines Silstrates Acespeivegin. Ilia, theo camille ian the main 
reactor was adjasled Co wu pll vealewe af approsimately 7.0 anc 3 
I-Jiter reackur samples were qolace@d on lls gang stirrer, followed 


by Srliters of sample adjeled Coo a pll of Approximately 9.0. These 


samples were Flashemised, Floceutated, and sellled as above with 


turbidity measurements lLakon. The above proacogs was repealed 
agatn using 19 liters of ballom samite Coxceplk Lhak the sample was 
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initially lowered ta a pH value OF approsimalealy 3.0 using mitric 


ace. 
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fliase ws . 

Jar Wwets were condecthed! by wotiltaelly pouring 10 liters of 
Lop sample inta the main reactor and adjasting Che pH value of the 
sample to approximately 7.0 Chy adding Nall). AflLer ph 
adjustment, % leliter volumes were measur cd Qak and placed ain 
( 
standard jar lest reachore. These reactor were bthen placed Webery 
emai slirrer aden sliver wi, turned on. The samples were 
flash-mined For Co minke al 2O0O com white Lhe anionic polymer was 
added to each (doses of O25, Leo, ane 8.0 my/1). Following flash- 
mixing, the samples were tlocecmbated for minutes ak an rpm of 
appraortmately 75 rom, afker which the miser was ltarned of F and the 
parkicles allowed La gsellblo. Approcimablely S22 ml samples were 
Withdrawn from each roacher eh OG, 1G, and 29 minaete intervals and 
bmmedialely qoeasared for liabidtitly usciaqg ao iach Madel 21O0A 
Tarbidimetler. Three lilers of Gamole from the main reactor were 
then Lested as befure using a Floecelation opeed of 46 rpm and 
measured for terbidily followed eaolher of liters of sample akia 


fFlacculakion speed OF approemalely 4S cpm. ALL of the above was 


then repeated for 19 Jilers of bollom sample. 


Flase 4: 

Jar tests were conducled ly tmitlaally pouring 3 liters of 
sample (at a mixture of FO Lop seamile Ca BoA bottom sample) into 
a reactor and adgasting bkhe pill valtae of the a@ixture ta 
approximately 7.0 (by adding NahlCOs)d. Afler pil adjustment, i- 
liter volumes were measared ocak and placed in standard jar test 
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reactors. The reactors were them placed below the gang stirrer 


and the stirrer was lLerinecd an tao approsidakely 250 rpm for flash 
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mixing for 1 minute while the coagulant arc was added in. 0.5, 1.0, 
; +} F 


and 2.0 mg/)l doses. The fleshemisx por tod wags followed by a & 


minute period of Flocculalion alo approximately 25 rpm, after which 

the mixer was turned of f emed Che parkicles were allowed to settle. 

Approximgately 22 Mm) samples wore withdrawn fFroa each reactor atl 5, 

i, and G0-M@tinuke intervals. These sampl as were then immedi ately. 

tested for Kurbidaty. The above Lesls wore repeated for samples — 
ate pe 
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